Dual process models of addiction suggest that the influence of alcohol-related cognition might be dependent on the level of executive functioning. This study investigated if the interaction between implicit and explicit alcohol-related cognitions and working memory capacity predicted alcohol use after 1 month in at-risk youth. Implicit and explicit alcohol-related cognitions were assessed in 88 Dutch at-risk adolescents ranging in age from 14 to 20 (51 males) with an adapted version of the Implicit Association Test (IAT) and an expectancy questionnaire. Working memory capacity was assessed using the computer-based version of the Self-Ordered Pointing Task (SOPT). Alcohol use and alcohol-related problems were measured at baseline and after 1 month with self-report questionnaires. The hierarchical regression analysis showed that both the interaction between implicit positive-arousal cognitions and working memory capacity and the interaction between explicit positive-arousal cognitions and working memory capacity predicted unique variance in alcohol use after 1 month. Implicit positive-arousal cognitions predicted alcohol use after 1 month more strongly in students with lower levels of working memory capacity, whereas explicit positive-arousal cognitions predicted 1-month follow-up alcohol use more strongly in students with higher levels of working memory capacity. This could imply that different intervention methods could be effective for different subgroups of at-risk youth.
Introduction
Several dual process models predict that both more reflective explicit and more impulsive implicit cognitive processes influence behavior (e.g. Fazio and Towles-Schwen, 1999; Kahneman, 2003; Strack and Deutsch, 2004) . Implicit cognitions represent more automatic underlying motivational processes, whereas explicit cognitions are related to more deliberate thought Earleywine, 2003; Palfai and Wood, 2001; Stacy, 1997; Thush and Wiers, 2007; Wiers et al., 2002) .
A second assumption of several dual process models is that the influence of implicit processes on subsequent behavior is moderated by explicit processes if motivation and the opportunity to do so are present (e.g. Fazio and Towles-Schwen, 1999; Kahneman, 2003; Strack and Deutsch, 2004) . Indeed, neurobiological addiction research has shown that the prefrontal cortex and associated areas are involved in more reflective decision making and in the moderation of impulses (e.g. Bechara, 2005; Kalivas and Volkow, 2005; Wilson et al., 2004) . Dual process models of addiction specifically predict that the influence of implicit appetitive cognitions on subsequent addictive behavior might be dependent on the level of executive functioning (e.g. Stacy et al., 2004; Wiers et al., 2007) .
Executive functions can be described as a set of cognitive skills relevant to goal-directed behavior involving different abilities such as shifting, updating and inhibition (Miyake et al., 2000) . Working memory capacity has been proposed to be a central construct that possibly binds these different but related executive functions (Kane and Engle, 2002) . The relationship between executive functions and alcohol use has been shown to be bidirectional. Poorer executive functioning can be considered a risk factor for developing addictive behaviors such as drinking alcohol (e.g. Finn and Hall, 2004; Peterson et al., 1992; Tapert et al., 2002) . Additionally, alcohol abuse has been shown to negatively affect the maturation of brain regions (e.g., De Bellis et al., 2000) , to impair neuropsychological functioning (e.g., Brown et al., 2000) and to alter processing on executive functioning tasks (Tapert et al., 2004) . During adolescence, when executive functions and associated brain regions are still developing, alcohol induced damage in the prefrontal cortex can lead to inhibitory and attentional control problems which, in turn, may influence continued alcohol use (Crews et al., 2000; Wiers et al., 2007) . This bidirectional nature might be more apparent in at-risk adolescents. It is also possible that these at-risk adolescents may start with poorer executive functions and begin drinking at earlier ages, which, in turn, further interferes with their ability to control their drinking behavior.
Prior research has suggested that the influence of implicit automatic processes, on other behaviors, indeed, is moderated by executive control (e.g. Feldman-Barrett et al., 2004; Payne, 2005) , as has also been proposed for addictive behaviors (e.g. Stacy et al., 2004; Wiers et al., 2007) . Grenard et al. (manuscript under review) evaluated the interaction between working memory capacity and spontaneous memory associations assessed with word association tasks (an alternative indirect assessment of implicit cognitive processes) among at-risk youth and found evidence that drug-relevant associations were stronger predictors of alcohol and cigarette use among those with lower working memory capacity than among those with higher working memory capacity. Finn and Hall (2004) proposed that two mechanisms might be responsible for the moderating influence of executive functioning on the implicit processes-behavior relationship. First, low activating capacity of working memory makes it difficult to shift attention away from highly activated stimuli to stimuli that are less salient. Second, short term positive associations with behavior tend to be highly activated (salient), whereas the long term negative associations with behavior are usually weakly activated. Consequently, in high-risk situations, such as being at a party where alcohol is readily available, an individual needs to be able to switch to less immediately salient goals and attend to them -such as the intention to not drink large amounts of alcohol or binge drink -while distracting salient information in the current high-risk situation is more automatically activated (e.g., the urge to feel intoxicated or to give in to peer pressure). This relationship between executive functioning and behavior suggests that adolescents who are less able to actively manage less salient but adaptive goals when faced with distracting information are more likely to let their behavior be influenced by distracting salient information that is triggered in the current situation (e.g. Stacy et al., 2004; Wiers et al., 2007) .
Conversely, research suggests that explicit positive expectancies might be moderated by executive functioning in the opposite direction. In addiction research, alcohol expectancies have been shown to be good predictors of concurrent and, to a lesser extent, prospective alcohol use (e.g., Goldman and Darkes, 2004; Jones et al., 2001; Sher et al., 1996; Stacy et al., 1991) . Tapert et al. (2003) showed that explicit positive alcohol expectancies predicted alcohol use in substance use disorder adolescents with good verbal skills, but not in substance use disorder adolescents with poor verbal skills. Verbal skills are needed for developing internal languagebased reasoning skills (Luria, 1961) and predictive of positive alcohol expectancies (Deckel et al., 1995) . Verbal skill tasks such as the verbal fluency task are commonly regarded as measuring frontal-lobe processing (Deckel et al., 1995) and verbal executive functioning (Tapert et al., 2003) . Tapert et al. (2003) concluded that positive alcohol expectancies require encoding and deep processing in order for them to affect decision making and thus drinking. However, other studies have found that adolescents who show good executive functioning (e.g. good inhibitory neural processing) generally had fewer positive and more negative outcome alcohol expectancies (Anderson et al., 2005) and that verbal skills sometimes are also negatively predictive of positive expectancies (Deckel et al., 1995) . Thus, there are still some questions about whether positive alcohol expectancies might be moderated by executive functioning in the opposite direction than implicit appetitive associations.
Hence, from a dual process perspective we hypothesized that the influence of implicit appetitive associations (both positivearousal and positive-sedation) on subsequent drinking behavior is stronger in adolescents with low working memory capacity than in adolescents with high working memory capacity. Conversely, the influence of explicit positive-arousal alcohol-related processes on subsequent drinking behavior is hypothesized to be stronger in adolescents with high working memory capacity compared with adolescents with low working memory capacity. The current study investigated these two interactions between alcohol-related cognition and working memory capacity in the prediction of alcohol use after 1 month in at-risk youth.
Method

Participants
A total of 88 Dutch adolescents (51 male) in the age range of 14-20 (mean age = 16.34, S.D. = 1.34) were recruited from four low-level vocational schools (Thush et al., in press ). Based on a Dutch national health survey among high school adolescents, low-level vocational schools showed the highest prevalence of alcohol and drug use as well as behavioral problems. Hence, at the group level, these students are considered to be at risk for developing substance-related problems. Participants self-reported drinking an average of 10.85 Dutch standard alcoholic drinks on a weekend day (S.D. = 10.30) and an average of 2.72 Dutch standard alcoholic drinks on a weekday (S.D. = 6.18). (A standard alcohol serving in the Netherlands contains somewhat less alcohol than a standard American standard glass: 10 g vs. 14 g.) Of the 88 participants 68 (77.27%) indicated having one or more binge drinking episodes (5 or more Dutch standard alcoholic drinks on one occasion) in the past 2 weeks.
Measures
2.2.1. Alcohol use. Alcohol use was assessed with a Dutch version of the alcohol use questionnaires as described in Ames et al. (2007) . Self-report questionnaires have been proven to be reliable and valid if participant sobriety and confidentiality of data are assured (Sobell and Sobell, 1990) . Both requirements were fulfilled in this study. Participants were asked how many times they used various drugs in the last month and in their lifetime on an 11-item rating scale (ranging from 'never used' to '91-100+ times'). Participants respond to a list of specific drugs (i.e. alcohol, marijuana, ecstasy, etc.) or more general drug categories (i.e. hallucinogens, stimulants, other club drugs, etc.). Additionally, participants indicated how many Dutch standard glasses of alcohol they consumed at the last weekend day and weekday they drank. In addition, they indicated on a 3-point Likert scale how many standard glasses of alcohol they consumed on each day of the past week (ranging from 'no drinks' to 'more than 5 drinks'), and they indicated on a 6-point Likert scale on how many occasions they drank five Dutch standard glasses of alcohol or more in the past 2 weeks (ranging from 'I do not drink' to 'seven times or more'). Lastly, participants indicated on a 5-point Likert scale (ranging from 'I do not drink' to 'very intoxicated') how intoxicated they were the last time they drank in the past 12 months.
Alcohol-related problems.
An index of alcohol-related problems was assessed using an adapted version of the Rutgers Alcohol Problems Index (RAPI; White and Labouvie, 1989) . We used the 18-item version of the RAPI which correlated .99 with the original 23-items version (White and Labouvie, 2000) . Participants were asked to indicate on a 5-point Likert scale (ranging from 'never' to 'daily') how many times they experienced certain problems within the last months because of their alcohol use. An example of an item is: "Not able to do your homework or study for a test". The items were summed to create an index of alcohol-related problems (Cronbach's alpha = .87).
Implicit Association Test.
In the IAT, participants categorize stimuli into four categories as quickly as possible while only using a left or right response key (see Greenwald et al., 1998) . Since prior studies have shown that people can be ambivalent toward alcohol (Houben and Wiers, 2006) , we decided to use three unipolar IATs to obtain the association between alcohol and a single attribute Fig. 1 . One IAT assessed the association between 'active' positive arousal words versus 'neutral' words with photos of objects related to alcohol or objects not related to alcohol. Another IAT assessed the association between 'relaxed' positive sedation words versus neutral words with objects related or not related to alcohol. Lastly, one IAT assessed the association between 'miserable' negative words versus neutral words with objects related or not related to alcohol. These attribute categories were chosen because they represent the three main categories of alcohol expectancies (Goldman and Darkes, 2004) . Stimulus pictures, in addition to stimulus words, were used in order to be able to have a neutral contrast category next to the alcohol target category. The perceptual features of the stimulus pictures were matched by using pictures of objects with approximately the same background, color, size and shape (see Appendix A). The words used (see Appendix B) were matched on number of letters, syllables, familiarity, and on valence and arousal values. The valence and arousal values of stimulus words were matched on group level (positive-arousal, positive-sedation, negative and neutral words) by using student word ratings (for exact procedure see . In this study the three IATs were used in partially balanced order and programmed in ERTS 3.18 (Beringer, 1996) . Each attribute discrimination block consisted of 20 trials and each combination block consisted of 40 trials. The D-2SD penalty score for practice and test was chosen as the main reaction time measure (see Greenwald et al., 2003) . The internal consistency between practice (10) and test items (30) was acceptable (Cronbach's alpha ranging from .52 to .59) and comparable to most other implicit measures (see Houben and Wiers, 2006) .
Expectancy questionnaire.
The direct measure of alcohol-related cognitions was an expectancy questionnaire consisting of an 18 unipolar item representing an explicit version of the implicit test words (see Appendix B; as in Wiers et al., 2002) . Each item consisted of a statement on drinking alcohol (for example: 'drinking alcohol makes me feel energetic'). Participants indicated the extent to which they (dis)agreed with each item on a 6-point Likert scale. The questionnaire consisted of three scales: a positive-arousal, a positive-sedation and a negative outcome scale. The internal consistency of all three scales was good (Cronbach's alphas ranging from .73 to .84) 2.2.5. Self-Ordered Pointing Task. The Self-Ordered Pointing Task (SOPT) used in the current study was a computer-based version (Peterson et al., 2002) of the assessment developed by Petrides and Milner (1982) to measure working memory capacity. Participants were instructed to select pictures from a 3 × 4 matrix of 12 pictures. Each time a participant selected one picture, the arrangement of pictures in the matrix changed. The participant had to select a picture on a different location that had not been selected previously. The participant continued to select a different picture on each of 12 screen displays. The task was administered in three repetitions of the task using pictures of concrete items (e.g., a calculator, bus, stopwatch). Each task consisted of 12 trials and thus there were 36 trials in total. The number of correct responses is summed across the three tasks, with higher scores indicative of good working memory capacity. The internal consistency between the number of correct pictures across the three trials was good (Cronbach's alpha = .74).
Procedure
Participants were recruited through 5-min classroom enrollment talks. After obtaining active consent from both the participants and parents, participants were tested in small groups of four at school in a separate test room during school time. The IAT was administered on a laptop with a separate response device. The order of the IAT was partially counterbalanced. The instructions were given on the computer screen preceding the task. Throughout the trials of both tasks, participants received feedback in red letters on their screen (incorrect response = 'ERROR', >3000 ms = 'TOO SLOW', <150 ms = 'TOO FAST'). Next, the computer-based SOPT was administered. The instructions were given verbally by the experimenter. Throughout the trials of the tasks, participants received limited feedback on their screen; participants only received an error message indicating they had to select another picture when they had selected a picture on the same picture location as in the preceding turn. Subsequently, the participants filled out the expectancy questionnaire. The alcohol use questionnaire was administered last, in order to avoid any interference between having to report ones alcohol use and the measures of implicit and explicit alcohol-related cognitions. One month later, the participants were asked to fill out the alcohol use and alcohol-related problems questionnaire. All 88 participants were present at follow-up.
Data reduction
In order to obtain a normally distributed dependent index variable and to reduce the chances of a Type-I error by multiple testing, we computed a log transformed standardized alcohol use index score in three consecutive steps. First, z-scores were calculated for eight different correlated outcome measures, namely number of times alcohol used in lifetime, number of times alcohol used in the past month, the number of standard drinks on a weekend day, the number of standard drinks on a weekday, number of times drunk in the last year, frequency of binges per 2 weeks, the number of binges in the last week, and the total sum score on the RAPI. Subsequently, the alcohol use index score was computed by calculating the mean of these eight z-scores. Finally, the alcohol use index was log transformed to obtain a normally distributed dependent variable.
Results
Outliers
Analyses included only those participants reporting that they had consumed alcohol in their lifetime. Two participants reported that they had never consumed alcohol and were therefore eliminated from further analyses. In addition, five participants were excluded from further analysis because they exceeded the mean error scores in the reaction time task by more than 3 standard deviations. The SOPT scores of participants that exceeded the mean by more than 3 standard deviations were recoded to the lowest value after removal of the outliers minus 1 (a method referred to as winsorizing). The analytic sample was 81.
Bivariate analyses
As is shown in Table 1 , the IAT measures and the alcohol expectancy measures were not correlated with each other (all p > .20). Furthermore, both the IAT measures and the alcohol expectancy measures were not correlated with the SOPT (except for the positive correlation between the negative IAT and SOPT of r = .21, p = .06, all p-values > .40) (also see Table 4 ). Additionally, although prior research has shown that poor working memory has been reliably associated with alcohol problems, the RAPI did not correlate with the SOPT (r = .07, p = .52).
Multiple regression analyses
To assess whether there was a significant interaction between working memory capacity and alcohol-related cognition in the prediction of alcohol use, three hierarchical regression models for alcohol use were evaluated. One model tested the hypothesis that implicit and explicit positive-arousal cognitions interacted with working memory capacity. Another model tested the hypothesis that implicit and explicit positive-sedation cognitions interacted with working memory capacity. Lastly, one model tested the hypothesis that implicit and explicit negative cognitions interacted with working memory capacity. In each of these models the variables were centered before calculating the interaction term and a setwise hierarchical procedure was used. In Step 1 gender, age, and school attended were entered into the regression equation as background variables. In Step 2 the SOPT total sum score, the relevant (positive arousal, positive sedation or negative) IAT D-measure and the relevant (positive arousal, positive sedation or negative) expectancy sum score were added to the regression equation. In Step 3 the interaction between the relevant (positive-arousal, positive sedation or negative) expectancy sum score and the SOPT total sum score was added to the model. In Step 4 the interaction between the relevant (positive arousal, positive sedation or negative) IAT D-measure and the SOPT total sum score was added to the model. The alpha level was set at .05 for all analyses to ensure an optimal tradeoff between completeness (not leaving out possibly interesting effects) and the correctness (restricting Type-II error) given the exploratory nature of the data. The term borderline significant was used when the p-value exceeded .05 but was less than .10.
Only the model, in which the interactions between explicit and implicit alcohol-related cognitions and working memory capacity reached borderline significance in the prediction of alcohol use, was subjected to further analysis. Both interactions added significantly to the prediction of 1-month follow-up alcohol use (Step 3 R 2 = .06, p = .02, Step 4 R 2 = .05, p = .02) above and beyond the background variables and main effects (see Table 2 ). Overall, the full model explained 31% of all variance (R 2 adjusted = .21, F(10, 70) = 3.08, p < .01). A trimmed model was obtained by removing all variables that were not (borderline) significant from the regression equation. The final trimmed model shows that both the interaction between working memory capacity and explicit positive-arousal cognitions and the interaction between working memory capacity and implicit positive-arousal cognitions predicted alcohol use after 1 month controlling for gender (see Table 3 ). Fig. 2 shows that in participants with low working memory capacity, the implicit positive-arousal associations positively predicted 1-month follow-up alcohol use. However, in the participants with high working memory capacity the opposite appeared to be true. In contrast Fig. 3 shows that in participants with high working memory capacity, stronger explicit positive-arousal cognitions predicted greater alcohol use. In those with low working memory, there was no such relation between explicit positive arousal expectancies and subsequent alcohol use. Overall, the final trimmed model explained 27% of all variance (R 2 adjusted = .21, F(6, 74) = 4.55, p < .001).
Additionally, the analysis was repeated controlling for baseline drinking. In this analysis the interaction between implicit positive-arousal cognitions and working memory capacity was no longer significant ( R 2 = .02, p = .44). This is not surprising, Fig. 1 . Schematic overview of the block sequence in the three Implicit Association Tests. TD = target discrimination, AD = attribute discrimination, C = combination, RAD = reversed attribute discrimination, and RC = reversed combination. Note. Expl. Active = explicit positive-arousal alcohol cognitions on a 6-point Likert scale; Expl. Relaxed = explicit positive-sedation alcohol cognitions on a 6-point Likert scale; Expl. Miserable = explicit negative alcohol cognitions on a 6-point Likert scale; IAT Active = positive-arousal IAT score in ms; IAT Relaxed = positive-sedation IAT score in ms; IAT Miserable = negative IAT score in ms; WMC = working memory capacity expressed in total number of correct responses on three consecutive Self Order Pointing Tasks; Low WMC = participants who scored low on working memory capacity based on a median split; High WMC = participants who scored low on working memory capacity based on a median split.
given the limited power of this analysis. Note that it is a different question whether change in drinking overtime can be predicted by an interaction between working memory capacity and implicit or explicit alcohol-related cognitions, or whether drinking behavior itself can be predicted by an interaction between working memory capacity and implicit or explicit alcoholrelated cognitions. This study primarily evaluated implicit and explicit cognitive processes and interactions between specific cognitive processes and working memory in the prediction of 1-month follow-up drinking.
Discussion
This study showed that the interaction between implicit and explicit positive-arousal cognitions and working memory capacity predicted 1-month follow-up alcohol use in our sample of at-risk adolescents. Results from a hierarchical regression analysis showed that both interactions predicted unique variance in 1-month follow-up alcohol use after controlling for the main effects and background variables. Interestingly, the signs of these interactions were in the opposite direction. That is, implicit positive-arousal cognitions predicted 1-month follow-up alcohol use more strongly in students with lower levels of working memory capacity, whereas explicit positive-arousal cognitions predicted 1-month follow-up alcohol use more strongly in students with higher levels of working memory capacity.
These results are in line with prior research on moderating effects of executive functions on implicit cognitive processes. Implicit cognition has been shown to be predictive of behavior in individuals with relatively low working memory capacity or attentional control (Grenard et al., manuscript under review; Payne, 2005) . In addition, our findings are consistent with the findings of Tapert et al. (2003) that explicit positive alcohol expectancies predicted alcohol use in substance use disorder adolescents with good verbal skills, whereas they did not in substance use disorder adolescents with poor verbal skills. Both findings indicate that alcohol expectancies may require deep processing in order for them to affect decision making and thus drinking. Finally, our results are in agreement with research that found dissociations between implicit and explicit cognitions. For instance, prior studies have shown that explicit cognitions predicted more deliberative behavior whereas implicit cognition predicted more spontaneous behavior (Asendorpf et al., 2002; Perugini, 2005) . Our results are also congruent with the idea that implicit and explicit cognitions influence behavior through different pathways (e.g. Fazio and Towles-Schwen, 1999; Kahneman, 2003; Strack and Deutsch, 2004) , which clearly has relevance for addictive behaviors (see .
Given some limitations, these results should be interpreted with some caution. First, although we screened for schools with a high proportion of at-risk adolescents, we did not use a probability sampling strategy at an individual level and therefore we might not be able to generalize these results to other at-risk adolescent populations. In addition, we did not have the statistical power to adequately look at possible interactions with other background variables such as gender. It could be that for specific subgroups of at-risk adolescents the results would have been different.
Second, some authors question the validity of the IAT (e.g. Rothermund and Wentura, 2004; De Houwer, 2001) . It has been proposed that participants performing the IAT may recode the stimuli based on other features than the associations the IAT intends to measure. Participants may sometimes select one 'yes'-or 'figure'-category and one 'no'-or 'ground'-category based on salience. This is referred to as the so-called figure-ground asymmetry (Rothermund and Wentura, 2004) . This figure-ground asymmetry has been shown to sometimes influence IAT effects. However, in alcohol-IATs similar to the ones used here, this figure-ground asymmetry could only partly explain the results found for the negative associations and not at all for the positive and arousal associations (Houben and Wiers, 2006) . Moreover, since we mixed conceptual and perceptual task characteristics within one test, we may have been able to provide some defense against possible recoding given the fact that not just one simple recoding strategy can be used. Since participants do not react just to one dimension of interest, the task may be less prone to response strategies the participants might want to employ (cf. De Houwer, 2003; Rinck and Becker, 2007) . One could further argue that executive functions directly influence the estimates of associations provided by the IAT, for example through switch costs (Mierke and Klauer, 2003) . However, we used the new scoring algorithm here (Greenwald et al., 2003) , which provides an estimate of associations, while accounting for individual differences in switching capabilities (Greenwald et al., 2003; Mierke and Klauer, 2003) . The hypothesis that the IAT results here are strongly influenced by the level of executive functions in this study is further unlikely given the lack of correlation between the IAT estimates of positive-arousal associations and working memory capacity. In addition, a similar pattern of results was found by Grenard et al. (manuscript under review) when using a different (not a reaction time task) and uncorrelated indirect measure of implicit alcohol-related cognitions (see Ames et al., 2007 for a direct comparison). Additionally, there is converging evidence from other research domains: Payne (2005) found a similar interaction between the IAT and executive control predicting the stereotyping behavior, and Hofmann et al. (2007) found a similar interaction between appetitive associations assessed with a different variety of the IAT and experimentally manipulated levels of self regulatory control predicting eating behavior.
Third, since the IAT, SOPT and alcohol expectancy questionnaire were performed in a fixed sequence, it is possible that order effects may have played a role in the current results. However, this fixed sequence was chosen as the most optimal procedure to minimize method-related variance in a study focusing on individual differences (cf. Asendorpf et al., 2002) .
Fourth, a possible limitation is that the follow-up period was relatively short. This places some restrictions on the prospective nature of this data. Further research is necessary to determine whether these interactions between alcohol-related cognition and working memory capacity are capable of predicting alcohol use in at-risk adolescents over longer time periods.
Finally, it must be noted that since the relationship between executive functions and alcohol use has been shown to be bidirectional it may be hard to disentangle the precise causal influences in the current pattern of results. For instance, it could well be that, due to prior drinking, working memory capacity is lowered and causes positive-arousal associations with alcohol to influence drinking behavior to a greater extent. This, in turn, could lead to heavier drinking and more alcohol-related problems. Yet, although prior research has shown that that poor executive functioning has been associated with more alcoholrelated problems (e.g. Finn and Hall, 2004; Peterson et al., 1992; Tapert et al., 2002) , in our sample the SOPT did not correlate significantly with the RAPI. This could be due to the fact that the average item score on the RAPI of .30 was not that high compared to a clinical sample (White and Labouvie, 1989) . This is in line with prior studies that have shown that adolescents may experience the negative sedative effects of alcohol, which may serve to limit intake, less. Nevertheless these adolescents seem to be more sensitive than adults to alcoholinduced damage in structures that should restrict, e.g. binge drinking (Spear, 2004) . Additional research with longitudinal designs or more experimental designs are necessary to separate the bidirectional effects between executive functioning and alcohol use.
In sum, although these limitations should be taken into consideration when interpreting these results, this study does provide additional information for the role of alcohol-related cognitions in the development of (hazardous) drinking behavior. These results suggest that implicit and explicit alcohol-related cognitions influence drinking behavior through different pathways: adolescents with relatively good working memory capacity appear to make more "reasoned" drinking decisions, while adolescents with relatively poor working memory capacity appear to make more impulsive drinking decisions (cf. Strack and Deutsch, 2004) . The obtained interaction effects, and especially the obtained dissociation in these effects, should be considered important given that interaction effects of continuous variables in field studies are often difficult to detect (McClelland and Judd, 1993) . Because effect sizes are often attenuated in such analyses and thus notoriously difficult to uncover, McClelland and Judd (1993) concluded that it is more important to determine if an interaction effect exists than to focus on its effect size.
Thus, both the interaction between working memory capacity and implicit positive-arousal cognitions with alcohol and the interaction between working memory capacity and explicit positive-arousal cognitions could be taken into account when prevention and intervention methods are being developed. Different intervention methods might be effective for different subgroups of at-risk adolescents. On the one hand, at-risk adolescents with good working memory capacity might benefit from interventions that try to strengthen protective negative alcohol cognitions, such as a motivational interview, which appears feasible in at-risk adolescents . On the other hand, at-risk adolescents with poor working memory capacity might benefit from interventions that attempt to directly interfere with their automatic reactions, such as an attentional retraining (e.g. or with interventions that aim at increasing their capacity to regulate impulses, such as a working memory training, as has been successfully used in children with ADHD (Klingberg et al., 2005) . However, it should be noted that even if an increase in working memory capacity could also be achieved in high-risk adolescents, this does not replace the importance of motivation and goals: the adolescent still needs to be motivated or have a goal in mind to apply this executive control (Feldman-Barrett et al., 2004; Wiers et al., 2007) . Future research is needed to indicate if and which methods can be included as proven effective components in intervention programs.
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